The beautiful mitotic waves that characterize nuclear divisions in the early Drosophila embryo have been the subject of intense research to identify the elements that control mitosis. Calcium waves in phase with mitotic waves suggest that calcium signals control this synchronized pattern of nuclear divisions. However, protein targets that would translate these signals into mitotic control have not been described. Here we investigate the role of the calcium-dependent protease Calpain A in mitosis. We show that impaired Calpain A function results in loss of mitotic synchrony and ultimately halted embryonic development. The presence of defective microtubules and chromosomal architecture at the mitotic spindle during metaphase and anaphase and perturbed levels of Cyclin B indicate that Calpain A is required for the metaphase-to-anaphase transition. Our results suggest that Calpain A functions as part of a timing module in mitosis, at the interface between calcium signals and mitotic cycles of the Drosophila embryo.
Introduction
The eukaryotic cell cycle is a spatially and temporally coordinated process that has evolved several checkpoints to ensure viability of daughter cells. Failure in this process may lead to proliferation defects, improper chromosome segregation, cell death, and cancer. The basic cell cycle includes mitosis (M), DNA synthesis (S), and two intervening growth phases (G1 and G2). Entry into mitosis, mitotic phase transitions, and exit from mitosis are driven by the sequential activation and degradation of evolutionarily conserved protein complexes composed of mitotic Cyclins (A or B) and Cyclin-dependent kinases (Murray, 2004) . In the early Drosophila embryo, mitotic cycles occur in a syncytial cytoplasm and feature oscillations between M and S phases only. These divisions run independent of gene transcription, determined by the rate of translation and degradation of regulatory molecules. The three Drosophila mitotic Cyclins are degraded in succession during these stages: Cyclin A (CycA) in metaphase, Cyclin B (CycB) at the metaphase-anaphase transition, and Cyclin B3 (CycB3) during anaphase (Sigrist et al., 1995) . It was proposed that Cyclins may work as a clock to time cell cycle progression (Murray and Kirschner, 1989) . Nonetheless, in the early Drosophila embryo, Cyclin accumulation does not time mitotic entry (McCleland et al., 2009) , although the destruction schedule of Cyclins may guide exit from mitosis (Yuan and O'Farrell, 2015) .
The first 13 cycles in the Drosophila embryo take place nearly synchronously. After nuclei migrate to the periphery at cycle 9, a 30 s mitotic wave is observed starting at one or both anterior and posterior (AP) poles, swiping the nuclei at 9-20 min intervals (Foe and Alberts, 1983) . Disturbance of this synchrony has been reported. It may result from a decrease in spindle checkpoint activity (Perez-Mongiovi et al., 2005) or from slowing of centrosomal and nuclear division cycles (Brunk et al., 2007) . Subcortical and nuclear calcium waves in phase with mitosis throughout cycles 10-13 were reported, suggesting that calcium transients regulate mitosis in the early embryo (Parry et al., 2005; Whitaker, 2006) . Despite the considerable amount of information on the involvement of calcium transients in mitosis, it is still debated how calcium signals provide input to regulate mitotic divisions. Putative downstream targets of calcium signals operating during mitosis include calcium-dependent proteases, kinases, and phosphatases such as the Calmodulin-dependent protein phosphatase calcineurin and Calmodulin-kinase II (Patel et al., 1999; Santella, 1998) .
The neutral Calpain proteases are calcium-dependent modulatory enzymes that cleave substrates in a limited fashion, generating novel activities by substrate proteolysis (Friedrich and Bozoky, 2005; Sorimachi et al., 2011) . Calpains modulate many cellular substrates and have been implicated in the regulation of several steps of the cell cycle (Janossy et al., 2004; Magnaghi-Jaulin et al., 2010; Panigrahi et al., 2011) . Four calpains have been described in Drosophila: Calpains A, B, C, and Sol . The classical Calpains A and B (CalpA and CalpB) are expressed maternally and their products are detected in the early embryo (Emori and Saigo, 1994; Jekely and Friedrich, 1999; Park and Emori, 2008; Theopold et al., 1995) . CalpA presents a unique hydrophobic domain that favors association to membranes (Theopold et al., 1995) , consistent with subcortical localization during interphase in syncytial stage embryos (Emori and Saigo, 1994; Fontenele et al., 2013) . We have previously reported that CalpA regulates activation of an NFκB transcription factor during interphase. This role requires cortically localized CalpA and is dependent on the levels of the NFκB inhibitor encoded by cactus (Fontenele et al., 2013) . Here we show that CalpA localizes to the mitotic spindle during mitosis and that loss of CalpA function results in a series of mitotic defects. This indicates that CalpA may translate the information from calcium waves into synchronized changes during mitosis. We also propose that Cyclin B is a direct target of CalpA proteolysis, disclosing part of the defects associated to CalpA.
Results

Calpain A controls mitotic divisions in the Drosophila embryo
The effect of Calpain inhibitors and Calpain overexpression in vertebrate and insect cells suggested that Calpains regulate mitosis (Janossy et al., 2004; Schollmeyer, 1988 In the Drosophila syncytial blastoderm, each cortical nuclear cycle takes between 9 and 20 min, with mitosis taking roughly half this time (Foe and Alberts, 1983) . Mitosis in all nuclei is nearly synchronous and generates a wave of nuclear divisions that sweeps the embryo starting at one or both poles. Due to this wave, it is possible to see, in fixed embryos, two different mitotic phases in a same embryo. This is noticeable when mitotic chromosomes are highlighted with antibodies against phospho-Histone H3 (pH 3). In control embryos undergoing mitosis, either all nuclei appear in the same phase or a mitotic wave is observed along the AP axis (Fig. 1A,B,D) . In CalpA KD, asynchrony between divisions is seen without any clear directionality (Fig. 1C,E) . To achieve a rigorous characterization of mitotic asynchrony due to altered CalpA function, we quantified the frequency of embryos undergoing mitosis and how many of these displayed nuclei in one, two, or more mitotic phases (Fig. 1F) . The frequency of embryos in interphase versus those undergoing mitotic divisions in maternal CalpA KD or hypomorphs was not significantly different from control embryos. However, the number of embryos displaying nuclei in more than 3 mitotic phases (hereafter referred to as desynchronized embryos) was significantly increased. This indicates that either mitosis is taking longer or that in some nuclei the mitotic process is delayed due to impaired CalpA function.
Another indication that mitosis does not progress normally in CalpA loss-of-function is the high frequency of nuclear "fallout." It has been shown that nuclei harboring chromosome segregation defects are eliminated from the blastoderm by "falling" into the central vitellum (Postner et al., 1992; Sullivan et al., 1990) . This mitotic catastrophe event allows the elimination of defective nuclei from the embryonic precursor pool (Takada et al., 2003) . The remaining nuclei adjust their position after nuclear fallout to maintain an equidistant distribution. Falling nuclei can be seen in CalpA KD-fixed embryos due to their characteristic condensed appearance (Fig. 1C′,E′) . When the number of abnormal nuclei is too large (as in Fig. 1E′ ), the remaining nuclei can no longer compensate and embryonic development is likely aborted. These observations indicate that the mitotic process is delayed and abnormal when CalpA function is decreased.
In order to identify the source of the mitotic delay in CalpA KD embryos, we first examined the morphology of structures that accompany mitotic progression. We examined microtubules of the mitotic spindle and the arrangement of chromosomes during mitosis. We observed an increase in the number of defective metaphase figures exhibiting condensation defects or chromatid misalignment in embryos from CalpA KD mothers (Fig. 2C, D , and E). Lagging chromosomes were also observed during anaphase. Furthermore, spindle microtubules aligned in anaphase were reduced, particularly in the spindle mid-body (Fig. 2B,D) . The defective metaphase and anaphase figures observed are consistent with an impaired metaphase-anaphase transition. To obtain an accurate description of mitotic progression in embryos from mothers with altered CalpA function, we quantified the relative frequency of mitotic phases in fixed cycle 10-13 embryos. We scored embryos according to which and how many cell cycle phases were represented in each embryo as readout for the relative time spent during each phase (Fig. 2F ). We observed that metaphase and anaphase figures were overrepresented in CalpA KD and CalpA[3979] desynchronized embryos. We also detected decreased levels of γ-tubulin at centrosomes resulting from loss of CalpA function (Fig. 2G,H) . These results indicate that CalpA plays a role in regulating mitotic progression in the Drosophila embryo.
Calpain A associates to mitotic spindles
Calpains are traditionally known as cytosolic proteases. However, Calpains can be found in the nuclear compartment as well as in association with the cell membranes . In accordance, we and others have shown that Drosophila CalpA is apically enriched at the cell cortex of the embryo syncytium during interphase (Emori and Saigo, 1994; Fontenele et al., 2009) . Upon mitotic entry, CalpA is redistributed to the cytoplasm and nuclear domains (Fontenele et al., 2013; Fig. 3) . Using fixation conditions that best preserve the mitotic spindle, we have examined CalpA distribution throughout mitosis. Endogenous CalpA protein progressively redistributes to the cytoplasm and perinuclear domains until it concentrates along microtubules of the mitotic spindle during metaphase ( Fig. 3C ) and anaphase ( Fig. 3D ). GFP-tagged CalpA expressed in response to maternal control behaves accordingly (Fig. 3I-N) . This strengthens the hypothesis that CalpA distribution along mitotic microtubules is specific and indicates that CalpA may perform a role during metaphase and anaphase. Next, we explored whether spindle localization is important for CalpA function. We have shown that CalpA physically interacts with the NFκB inhibitor Cactus (Cact; Fontenele et al., 2013 Fig. 4 ). Furthermore, spindle microtubules were defective in these conditions, as shown for CalpA KD (Fig. 3H′) . From these studies, we inferred that CalpA localizes to spindle microtubules and that this localization is important for CalpA function in mitosis.
Cyclin B is a Calpain A substrate
The overrepresented metaphase and anaphase figures observed by altering CalpA function suggest that the metaphase-to-anaphase transition is impaired in these conditions. Entry into metaphase and the metaphase-to-anaphase transition depend greatly on the levels of Cyclins A and B. Therefore, we set to determine whether Drosophila Cyclins are CalpA targets. To this aim, we transfected S2 cell cultures with an inducible V5 tagged form of CalpA and monitored the levels of CycA and CycB by western blotting. In addition, we tested whether altered intracellular calcium levels would impact the abundance of Cyclins.
In vehicle-treated cells, CycB antibodies recognized full-length CycB at approximately 60 kDa and a second band at 48 kDa. Full-length CycB levels were reduced in the presence of the calcium ionophore Ionomycin and the intensity of the signal at 48 kDa was increased. CycB levels were further reduced upon induction of CalpA-V5 expression. In the presence of the calcium chelator EGTA, the levels of the 48 kDa were reduced relative to full-length CycB (Fig. 5I) . These results suggest that CalpA targets CycB for cleavage in a calcium-dependent manner. Furthermore, the 48 kDa fragment generated by an increase in calcium and by CalpA overexpression is likely due to direct cleavage by endogenous and exogenous CalpA, respectively. In accordance with this interpretation, usage of a high-probability Calpain cleavage site at position 162 in CycB is predicted to generate two fragments of 42 kDa and 18 kDa (sequence analysis performed at CaMPDB, http://calpain. org; DuVerle et al., 2011) . The smaller 18 kDa fragment is not resolved in our conditions. In contrast to the effects on CycB, CycA protein levels were only slightly altered by long-term (5 h) CalpA overexpression. As this reduction was observed both with an increase (Iono) or a decrease (EGTA) in intracellular calcium, they are likely an indirect effect, not related to CalpA activity.
The results obtained in S2 cells prompted us to investigate whether CycB is actually a target of CalpA in the developing Drosophila embryo. We therefore tested whether the distribution of Cyclins is altered in Drosophila embryos with decreased CalpA function. We examined CycA and CycB distribution in CalpA KD-fixed embryos. CycB levels failed to drop between the metaphase-to-anaphase transition in the CalpA KD (Fig. 5F-H) , unlike control embryos (mat N +mothers) (Fig. 5B-D) . In contrast, CycA levels were unaltered in the CalpA KD embryos (Suppl. Fig. 4 ).
Discussion
CalpA role in mitosis
The appropriate timing of events that lead to chromosome segregation during mitosis is essential to maintain genome integrity. The neutral Calpain proteases have been implicated in regulating several aspects of the mitotic cycle (Cataldo et al., 2013; Magnaghi-Jaulin et al., 2010; Panigrahi et al., 2011; Schollmeyer, 1988) . Calpain depletion can lead to an expansion of a cancer stem cell population (Raimondi et al., 2016) but has also been correlated to reduced growth rates (Ho et al., 2012) , implying that Calpain studies on cell cycle control have therapeutic potential. Here we report that Drosophila CalpA mutant flies have maternal effect phenotypes that result in mitotic arrest during syncytial blastoderm cell cycles. The presence of CalpA protein along spindle microtubules during metaphase and anaphase, the spindle-associated defects, and the desynchronized mitotic cycles in CalpA KD suggest that CalpA acts during the metaphase-to-anaphase transition.
Progression through mitosis depends on an intricate relationship between mitotic cyclins, the anaphase promoting complex/cyclosome (APC/C) and components of the kinetochore and the mitotic spindle. The APC/C E3 ubiquitin ligase activated during the anaphase-tometaphase transition is responsible for the destruction of securin, relieving cohesion between sister chromatids, and the destruction of CycB, inactivating CycB/cdk. This latter event induces changes in microtubule dynamics that result in the movement of sister chromatids to spindle poles and spindle elongation (Meadows and Millar, 2015) . In the Drosophila embryo CycA, CycB and CycB3 are degraded in a stereotyped sequence to influence mitotic progression (den Elzen and Pines, 2001; Geley et al., 2001; Knoblich and Lehner, 1993; Lehner and O'Farrell, 1990; Parry and O'Farrell, 2001; Sigrist et al., 1995; Whitfield et al., 1990) . CycA and CycB are destroyed early as they restrain APC/C function, but CycB3 was recently reported to promote anaphase entry (Yuan and O'Farrell, 2015) . Polo kinase is also required for mitotic exit possibly by promoting APC/C activation. Polo depletion causes bipolarly assembled spindle, high CycB levels (Moutinho-Santos et al., 2012), and severely reduced APC/C-mediated ubiquitination of CycB in S2 cells (Conde et al., 2013) .
We have shown that CalpA alters CycB levels and that CycB is likely a direct CalpA substrate. Endogenous CycB levels decrease in response to calcium and these effects are exacerbated in the presence of exogenous CalpA. This indicates that CycB is a direct CalpA target in S2 cells. We also detect a CycB fragment that may result from CalpA cleavage in S2 cells. We have detected a fragment of corresponding size in blastoderm embryos (not shown), indicating that CalpA cleaves CycB during embryogenesis. It is important to point out that cleavage by CalpA may modulate CycB function, unlike regulation by the ubiquitin-proteasome pathway that leads to protein destruction. As possible outcomes of cleavage by CalpA, full-length and cleaved CycB may display different affinities for subcellular structures, impacting on protein distribution, or display interactions with distinct protein partners in the cell.
During embryogenesis, CycB levels are maximal upon entry into mitosis and significantly lower shortly after the metaphase-to-anaphase transition (Fenton and Glover, 1993) . CycB localization is initially cytoplasmic only. As nuclei break down, CycB is seen at microtubules during metaphase and drop during anaphase (Huang and Raff, 1999; Stiffler et al., 1999) . We did not detect a clear drop in CycB levels along mitosis in CalpA KD embryos, suggesting that CycB dynamics depends on CalpA. Furthermore, several phenotypes herein described for CalpA KD have been reported for CycB. By varying the maternal dose of CycB, Stifflet et al. have shown that an increase in CycB dose reduces microtubules (MTs), while loss of CycB leads to thick aster MTs (Stiffler et al., 1999) . Excess or mislocalized CycB protein lingering into anaphase correlates with the decrease in MTs observed in CalpA loss-of-function. However, a mutually antagonistic relationship between CycB and MTs seems to exist (Edgar et al., 1994) , thus an indirect effect of CalpA on CycB levels should not be completely ruled out at this moment.
Altered CycB function may be the reason for many of the phenotypes we observe in CalpA KD, although CalpA may target additional substrates during mitosis. Interestingly, microtubule changes at anaphase, which allows sliding interpolar MTs to drive pole-pole separation, do not occur in the presence of non-degradable CycB (Cheerambathur et al., 2007) . A successful anaphase also requires a kinetochore behavioral transition triggered by CycB destruction (Parry et al., 2003) . The increased frequency of anaphase figures in embryos with impaired CalpA function may result from delays in the MT-driven processes above, since spindle MTs are clearly reduced in these conditions. Taken together, our results suggest that loss of CalpA function impairs the proper CycB degradation pattern.
This could result from the incorrect distribution of CycB during mitosis, rendering the protein less amenable to the ubiquitination and proteosomal destruction machinery, or from lack of previous cleavage by CalpA that could modify and expose CycB for this next fundamental degradation step. Further analysis on the detailed distribution of CalpA relative to CycB in different cell cycle mutant backgrounds and the production of CycB mutants lacking the Calpain target site will be necessary to test these predictions. 
Calpain A as a multifunctional protease
Calpains are part of an ancient gene family, established at the emergence of eucaryotes (Zhao et al., 2012) . The classical Calpains encode multifunctional proteases, frequently targeting several different proteins in a same cell (Ono and Sorimachi, 2012) . Putative Calpain targets must fulfill three requisites: presence of Calpain cleavage sequences; coincident distribution, frequently established by association to subcellular structures; and existence of a transient internal calcium elevation for Calpain activation. We provide evidence below that all requisites are fulfilled for nuclear CalpA function in mitotic regulation.
Initially characterized as cytosolic proteins, nuclear localization of Calpain proteases has been reported in several species. For instance, vertebrate Calpain 1 is found in nuclei to cleave the centromeric cohesin Rad21 (Panigrahi et al., 2011) . Vertebrate Calpain 2 is also a nuclear protease, relocating from the plasma membrane to mitotic chromosomes (Magnaghi-Jaulin et al., 2010; Schollmeyer, 1988) . Here we have shown that CalpA redistributes from the cell cortex to nuclear structures during mitosis. Relocation during mitosis may allow the enzyme to target different substrates during discrete phases of the cell cycle.
We have previously reported that CalpA modifies NFκB signals in the Drosophila embryo, by directly cleaving the NFκB inhibitor Cactus (Fontenele et al., 2009 (Fontenele et al., , 2013 . As these effects and the ones herein described take place during the same developmental period, one may wonder whether the two functions are related. We would like to argue that they are independent functions. First, they are temporally unrelated: CalpA modifies the Dorsal/NFκB nuclear gradient during interphase. Although Dorsal leaves the nucleus at mitosis and the Dorsal gradient must be reestablished during each interphase cycle (DeLotto et al., 2007) , so far we have no indication that CalpA alters this process. Second, they are spatially unrelated: CalpA modifies Cactus protein present in the subcortical cytoplasm, while mitotic distribution suggests that CalpA targets proteins associated to spindle microtubules. Nonetheless, conditions that alter protein distribution during interphase and modify the availability of Calpain protein for subsequent phases of the cell cycle, such as in embryos from cact[E10] mothers, will have an impact on mitosis.
A similar possibility should be considered of an inverse effect of mitotic dysfunction on the Dorsal/NFκB gradient. We also find this unlikely since the alterations we observe on the Dorsal gradient are present throughout the entire embryo (Fontenele et al., 2013) and not associated to discrete nuclear regions such as those undergoing nuclear fallout here described.
Considering that CalpA has independent functions in the subcortical cytoplasm during interphase and along mitotic spindles during the metaphase-to-anaphase transition, an interesting question arises: How is nuclear CalpA activated? It has been widely established that Calpains require calcium for activation. Calcium binding leads to enzymatic activation and autoproteolysis . Localized calcium transients are sufficient for activation, with increases in internal calcium generated either from external or internal sources such as the endoplasmic reticulum. Calcium transients have been observed upon mitotic entry and at anaphase onset in echinoderms, vertebrate embryos, and plant cells (Whitaker, 2006) . In Drosophila, two calcium waves in phase with the nuclear division cycles have been reported and conditions that lengthen the cell cycle do not disturb their phasic behavior (Parry et al., 2005) . Calcium has been detected in the perivitelline space surrounding the embryonic plasma membrane, a possible pool for internal calcium elevation. On the other hand, disturbance of the Ins3P receptor, which liberates calcium from internal stores, impairs mitosis in syncytial embryos (Parry et al., 2006) .
A subcortical calcium wave in phase with the cell cycle has been reported (Parry et al., 2005) . However, the peak of this calcium signal synchronizes with interphase. A second, nuclear calcium transient harbors the calcium signals that control mitosis entry and exit (Parry et al., 2005 (Parry et al., , 2006 . In syncytial nuclei undergoing mitosis, the endoplasmic reticulum (ER) becomes concentrated around the nucleus and developing spindle poles. After nuclear breakdown, the ER increases in the pole region, invading the spindle region at telophase (Baitinger et al., 1990) . A calcium microdomain is thus generated during this period, providing the internal calcium necessary for CalpA activation and proteolysis of nuclear targets.
Concluding remarks
We have described a novel function for the calcium-dependent CalpA protease during mitotic progression. We have shown that the conditions for its role as a nuclear protease exist and suggested CycB as a putative target for the alterations impaired by CalpA. As we still have much to learn regarding the timing of mitosis, identifying a protein that is able to respond to rapid synchronized calcium transients opens a whole new avenue of investigation. Taking into account that the involvement of calcium in mitotic regulation has been described in several phyla, a widespread role for Calpain proteases in other species is an open possibility.
Experimental procedures
Fly stocks and genetics
Lines used in this study were loss-of-function cact[A2] (strong) and cact[011] (moderate), gain-of-function cact[E10] and UAS-Dicer2 obtained from the Bloomington Indiana Stock Center at Indiana University. CalpA [5-52-3979 ] and the deficiency stock Df(2R)ED3716 were obtained from the Kioto Stock Center. Lines for UAS-CalpA KD and UAS-CalpB KD were TRiP10 lines JF03391 and JF01983, obtained from the TRIP stock collection at the Bloomington Stock Center. Lines for maternal expression of CalpAeGFP were described previously (Fontenele et al., 2013) . For live chromosome imaging, we used H2Av-GFP lines, a generous gift from Eric Wiechaus' lab.
Constructs for S2 cell expression and western blots
Construction and conditions for pMT-CalpA-His/V5 expression and analysis were described previously (Fontenele et al., 2013) . Antibodies for western blots were anti-V5 (mouse 1:2000, Invitrogen), -CycB and -CycA (mouse, 1:500, Developmental Studies Hybridoma Bank), and -α-Tubulin (mouse 1:3000, DM1α, Sigma).
Knockdown assays
Calpain Knockdowns were either driven with the maternal α-Tubulin-Gal4-VP16 Gal4 driver (matα), in the presence of UAS-Dicer2, or double-stranded RNA was produced in vitro and directly injected into stage 2 embryos as in Fontenele et al. (2009) .
Immunostaining and image analysis
Regular embryo fixation for detection of pH 3, vasa, Cyclin A and B was as described previously (Fontenele et al., 2013) . To preserve microtubule structures, fixation was performed in for 5 min in 3.7% paraformaldehyde in PEM buffer as in Karr and Alberts (1986) . Antibodies used were anti-Calpain (rabbit, 1:100; a generous gift of Emori Saigo), -GFP (rabbit, 1:500; Millipore), -CycB, and -CycA (mouse, 1:500, Developmental Studies Hybridoma Bank), -γ-Tubulin (mouse 1:500, GTU-88, Sigma), -α-Tubulin (mouse, 1:1000, DM1α, Sigma), -pH 3 (1:500, Cell Signaling). Alexa Fluor 488, 546, or 633 was used as secondary antibodies (1:500). Embryos were observed under a Leica SP5 inverted confocal laser scanning microscope. For spindle analysis, z stacks were collected and 3D reconstructed using Volocity software (Perkin Elmer). Mitotic phases displayed in figures and graphs correspond to I (interphase), P (prophase), Pm (prometaphase), M (metaphase), A (anaphase), and T (telophase).
Live imaging
Embryos were collected in grape juice plates, dechorionated for 1-2 min in bleach, quickly washed in TXN buffer (150 mM NaCl, 0.04% Triton X-100), blotted with Whatman paper, carefully laid onto Glass Bottom Microwell Dishes (Mat Tek Corporation, Ashland, MA, USA), and covered with Halocarbon oil (Sigma, USA). Images were acquired using a Leica TCS-SP5 confocal system with an inverted microscope stand. GFP was excited with a 488 nm laser using a resonant scanner. Each image was a z-stack of 512 × 512 pixel images, averaged 2 times.
Statistics
Statistically significant differences in the mitotic index, that is, the relative frequency of embryos in mitotic phase categories, were calculated using G-test, unless stated otherwise, and two-tailed p values were determined.
Supplementary data to this article can be found online at http://dx. doi.org/10.1016/j.mod.2016.05.005.
